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(57) A method of encapsulating microelectrome- 
chanical (MEMS) structures is provided wherein the 
MEMS structures are formed on a substrate and encap- 
sulated prior to packaging thereof. A sacrificial material 
is first deposited over the substrate to cover at least a 
portion of the MEMS structure. An encapsulation mate- 
rial is then deposited over the sacrificial material such 
that the encapsulation material covers at least a portion 
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of the sacrificial material over the MEMS structure. The 
sacrificial material is subsequently removed such that 
the encapsulation material forms a shell spaced apart 
from and covering the MEMS structure and permits the 
intended operation of the MEMS structure. Associated 
MEMS devices fabricated using a method of encapsu- 
lating MEMS structures according to embodiments of 
the present invention are also provided. 
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D scripti n 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to microelectro- 
mechanical devices and associated fabrication meth- 
ods and, more particularly, to an encapsulation process 
for microelectromechanical structures and associated 
microelectromechanical devices. 

BACKGROUND OF THE INVENTION 

[0002] Microelectromechanical structures (MEMS) 
and other microengineered devices are presently being 
developed for a wide variety of applications in view of 
the size, cost and reliability advantages provided by 
these devices. Many different varieties of MEMS devic- 
es have been created, including microgears, micromo- 
tors, and other micromachined devices that are capable 
of motion or applying mechanical force. These MEMS 
devices can be employed in a variety of applications in- 
cluding hydraulic applications in which MEMS pumps or 
valves are utilized, optical applications which include 
MEMS light valves and shutters, and electrical applica- 
tions which include MEMS relays. 
[0003] MEMS devices have relied upon various tech- 
niques to provide the force necessary to cause the de- 
sired mechanical motion within these microstructures. 
For example, electrostatic actuators have been used to 
actuate MEMS devices. See, for example, U.S. Patent 
Application Serial No. 09/320,891, assigned to MCNC, 
also the assignee of the present invention, which de^ 
scribes MEMS devices having electrostatic microactu- 
ators, the contents of which are incorporated herein by 
reference. In addition, controlled thermal expansion of 
an actuator or other MEMS component is another ex- 
ample of a technique for providing the necessary force 
to cause the desired mechanical motion within MEMS 
devices. See, for example, U.S. Patent No. 5,909,078 
and U.S. Patent Application Serial Nos. 08/936,598; and 
08/965,277, assigned to MCNC, also the assignee of 
the present invention, which describe MEMS devices 
having thermally actuated microactuators, the contents 
of which are incorporated herein by reference. 
[0004] Once a MEMS device has been fabricated, the < 
entire device must undergo subsequent packaging 
steps to process the MEMS device into a usable form. 
These packaging steps may include, for instance, wafer 
dicing, assembly, wire bonding, and encapsulation proc- 
esses. A typical MEMS device is unlikely to survive £ 
these packaging steps due to the extensive manipula- 
tion of the device during the individual processes. Since 
the actuators used in MEMS devices incorporate me- 
chanical motion to achieve the desired function of the 
particular MEMS device and since a MEMS device may 5 
include additional mechanically sensitive components, 
MEMS devices generally present a particularly chal- 
lenging packaging problem. 



[0005] Conventional integrated circuit encapsulation 
packaging is typically a conformal surface coating. How- 
ever, conformal coatings are not particularly suited to 
packaging a MEMS device since it difficult to provide the 
5 necessary clearances about the mechanically sensitive 
components of the MEMS device. 
[0006] Another approach to packaging MEMS devic- 
es has been to fabricate a separate "lid" structure which 
is then bonded to the MEMS die prior to packaging. 
10 However, a disadvantage of the separate lid approach 
is that, when the lid is bonded to the die at the wafer 
level, the entire MEMS die is covered, thereby prevent- 
ing physical or electrical access to the MEMS die in sub- 
sequent packaging processes. 
« [0007] Thus, there exists a need for an encapsulation 
process for a MEMS device which is compatible with 
and capable of protecting the mechanically sensitive 
components of a MEMS device during subsequent 
packaging steps. Preferably, the encapsulation process 
20 for a MEMS device utilizes conventional semiconductor 
fabrication techniques and equipment such that special 
measures are not required. Further, the encapsulation 
process is desirably capable of selectively encapsulat- 
ing portions of the MEMS device while leaving other por- 
25 Hons free of the encapsu lant which, for example, do not 
require encapsulation or which must be externally ac- 
cessible in subsequent packaging processes. In addi- 
tion, the encapsulation process for a MEMS device is 
preferably cost-efficient and allows conventional low- 
so cost packaging techniques to be used following encap- 
sulation of the MEMS device. 

SUMMARY OF THE INVENTION 

35 [0008] The above and other needs are met by the 
present invention which, in one embodiment, provides 
a method of encapsulating microelectromechanical 
(MEMS) structures formed on a substrate prior to pack- 
aging thereof. First, a sacrificial material is deposited 
to over the substrate to cover at least a portion of the 
MEMS structure. An encapsulation material is then de- 
posited over the sacrificial material such that the encap- 
sulation material covers at least a portion of the sacrifi- 
cial material over the MEMS structure. The sacrificial 
( s material is subsequently removed such that the encap- 
sulation material forms a shell spaced apart from and 
covering the MEMS structure and permits the intended 
operation of the MEMS structure. 
[0009] According to another advantageous embodi- 
o ment of the present invention, the step of depositing a 
sacrificial material may further comprise depositing a re- 
movable photoresist on the substrate to cover at least 
a portion of the MEMS structure where, in some cases, 
the photoresist completely covers the MEMS structure. 
5 Further, a method of encapsulating MEMS structures 
may include the step of forming a pattern associated 
with the sacrificial material to selectively define regions 
of the MEMS structure that are covered during subse- 
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quent operations. The sacrificial material may also de- 
fine regions of the MEMS structure that are to be pro- 
tected by the encapsulation material. 
[001 0] Advantageous embodiments of th present in- 
vention also include the step of defining at least one 
opening in the sacrificial material following deposition 
thereof for exposing a portion of the substrate, the ex- 
posed portion of the substrate comprising, for example, 
an anchor point. In addition, the step of depositing an 
encapsulation material may further comprise depositing 
an encapsulation material over the sacrificial material 
such that the sacrificial material engages the MEMS 
substrate at an exposed portion thereof, wherein the en- 
capsulation material may comprise, for example, a pho- 
toimagable epoxy having a sufficient thickness to form 
an encapsulating shell about the MEMS structure. After 
the encapsulation material has been deposited on the 
sacrificial layer, at least one opening in the encapsula- 
tion material is then defined to expose a portion of the 
sacrificial material. Some embodiments of a method for 
encapsulating MEMS structures include the step of 
forming a pattern associated with the encapsulation ma- 
terial to selectively define regions of the MEMS structure 
that are covered by the encapsulation material during 
subsequent operations. Generally, the step of deposit- 
ing an encapsulation material comprises depositing an 
encapsulation material over the sacrificial material after 
the sacrificial material has been patterned and portions 
thereof removed. 

[0011] In some instances, the step of removing the 
sacrificial material may further comprise removing the 
sacrificial material such that the encapsulation material 
forms a shell spaced apart from and covering at least a 
portion of the MEMS structure such that the intended 
operation of the MEMS structure is permitted, wherein 
the sacrificial material is generally removed from areas 
of the MEMS structure that are not desired to be in con- 
tact with the encapsulation material. In addition, the step 
of removing the sacrificial material may further comprise 
removing the sacrificial material from portions of the 
MEMS structure that are to be externally accessible fol- 
lowing the deposition of the encapsulation material. Pri- 
or to the step of removing the sacrificial material, em- 
bodiments of a method of encapsulating MEMS struc- 
tures include the step of selectively insolubilizing the en- 
capsulation material to make it more durable and imper- 
vious to subsequent processing steps. Thus, a method 
of encapsulating MEMS structures formed on a sub- 
strate prior to packaging thereof generally comprises 
the step of depositing an encapsulation material over 
the MEMS structure such that the encapsulation mate- 
rial forms a shell spaced apart from and covering the 
MEMS structure, thereby permitting the intended oper- 
ation of the MEMS structure. 
[0012] Another advantageous aspect of the present 
invention comprises an encapsulated MEMS structure 
having a microelectronic substrate with at least one 
MEMS structure formed thereon and an encapsulating 



cover connected to the substrate and forming a shell 
over at least a portion of the MEMS structure such that 
the intended operation of the MEMS structure is permit- 
ted. The substrate may further define anchor points for 
5 the cover where the anchor points ar fixed in location 
and the encapsulating cover generally comprises verti- 
cal supports and generally horizontal segments. In 
some instances, the encapsulating cover comprises a 
shell having supports connected to the microelectronic 

10 substrate at the anchor points. Additionally, the encap- 
sulating cover may define access zones where access 
may be gained to the MEMS structure underneath the 
shell. The encapsulating cover may be formed of an 
epoxy material and, more specifically, for example, a 

« photolithographically patternable material that is micro- 
electromechanically fabricated. 
[001 3] A further aspect of the present invention com- 
prises an intermediate MEMS structure having a micro- 
electronic substrate with at least one MEMS structure 

20 formed thereon, a sacrificial layer overthe substrate that 
covers at least a portion of the MEMS structure, and an 
encapsulating layer over the sacrificial layer that covers 
at least a portion of the sacrificial layer over the MEMS 
structure and is connected to the microelectronic sub- 

25 strate. Preferably, the microelectronic substrate defines 
fixed anchor points for the encapsulating layer, wherein 
the encapsulating layer comprises a shell having sup- 
ports connected to the microelectronic substrate at the 
anchor points. The encapsulating layer is preferably 

so comprised of an epoxy material such as, for example, a 
photolithographically patternable material that is micro- 
electromechanically fabricated. 
[0014] Still another advantageous aspect of the 
present invention comprises a system having an oper- 
as ational device that incorporates a MEMS structure, an 
input to the MEMS structure, a MEMS structure having 
an encapsulating cover forming a shell over at least a 
portion of the MEMS structure and spaced apart there- 
from such that the intended operation of the MEMS 

40 structure as permitted, and an output from the encap- 
sulated MEMS structure. Preferably, the input originates 
at least in part from the operational device and the out- 
put is provided at least in part to the operational device. 
Such an operational device may comprise, for example, 

*s a high voltage switch, a gyroscope, and an inertia sen- 
sor. More generally, the operational device may be ca- 
pable of, for instance, directing light and controlling air- 
flow. 

[0015] Thus, embodiments of the present invention 
so provide an encapsulation process for a MEMS device 
which is compatible with, and capable of protecting, the 
mechanically sensitive components of a MEMS device 
during subsequent packaging steps. As described here- 
in, the encapsulation process for a MEMS device ac- 
55 cording to the present invention utilizes conventional 
semiconductor fabrication techniques and equipment 
and is capable of selectively encapsulating portions of 
the MEMS device while leaving other portions free of 
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the encapsulant which, for example, do not require en- 
capsulation or which must be externally accessibl in 
subsequent packaging processes. Further, the ncap- 
sulation process according to the present invention is 
cost-efficient and allows conventional low cost packag- 
ing techniques to be used following encapsulation of the 
MEMS device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] Some of the advantages of the present inven- 
tion having been stated, others will appear as the de- 
scription proceeds, when considered in conjunction with 
the accompanying drawings, which are not necessarily 
drawn to scale, in which: 

FIGS. 1A - 1D are schematic plan views of a 
processing sequence for encapsulating a MEMS 
device according to one embodiment of the present 
invention. 

FIG. 2 is a plan view of an example of an encapsu- 
lated MEMS microrelay according to one embodi- 
ment of the present invention. 
FIGS. 3A - 3C are cross-sectional views of a 
processing sequence for encapsulating an example 
or a MEMS device according to one embodiment of 
the present invention. 

FIG. 4 is a flowchart of a method of encapsulating 
a MEMS device according to one embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may, however, be em- 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this dis- 
closure will be thorough and complete, and will fully con- 
vey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 
[0018] FIGS. 1A-1D schematically illustrate a 
processing sequence for encapsulating a MEMS device 
according to one embodiment of the present invention. 
MEMS devices are typically formed on a suitable sub- 
strate 10 such as, for example, a silicon wafer, using 
known processes. Due to the size of individual MEMS 
devices, multiple MEMS devices are often formed on a 
single silicon wafer, wherein each individual MEMS de- 
vice and accompanying structures, if any, are collective- 
ly referred to as a die and indicated generally by the nu- 
meral 110. FIG. 1A shows a single die 110 having a 
MEMS device 1 20 formed thereon. The die 1 1 0 may fur- 
ther include metallic structures 130 such as, for in- 
stance, bond pads 130 formed on the substrate 10 and 
operably connected to the MEMS device 1 20. The bond 



pads 130 permit electrical connections to the MEMS de- 
vice 120 which are nee ssary for th operation thereof. 
Typically, the physical electrical connections to the bond 
pads 130 are formed following packaging and incorpo- 

5 ration of the MEMS device 120 into a final operational 
structure. In some instances, further access to the 
MEMS device 120 may be required during or after sub- 
sequent downstream fabrication processes. 
[0019] FIG. 1B illustrates a sacrificial layer 140 de- 

10 posited on the MEMS device 120. The sacrificial layer 
140 preferably covers at least a portion of the MEMS 
structure 120 and is comprised of, for example, a remov- 
able photoresist such as AZ4620 made by Hoechst Ce- 
lanese. In some cases, the sacrificial material 140 may 

'5 completely cover the MEMS structure 120 or the entire 
die 1 10. In some embodiments of the present invention, 
the sacrificial material 140 may then be patterned to se- 
lectively define regions of the MEMS structure 120 that 
are covered by the sacrificial material 140 during sub- 

20 sequent operations. The sacrificial material 140 may al- 
so define regions of the MEMS structure 120 which will 
require further protection. As shown in FIG. 1 B, in some 
instances the sacrificial layer 140 is deposited such that 
it covers the MEMS device 120 while leaving the bond 

25 pads 1 30 and portions of the substrate exposed on the 
die 110. 

[0020] As shown in FIG. 1C, an encapsulation layer 
150 is then deposited over the sacrificial material 140 
such that the encapsulation material 1 50 covers at least 

30 a portion of the sacrificial material 140 over the MEMS 
structure 120. Preferably, the encapsulation layer 150 
contacts portions of the substrate and/or the MEMS de- 
vice 120 in order to secure the encapsulation layer 150 
to the die 110. The encapsulation layer 150 may com- 

35 prise, for example, a photoimagable epoxy capable of 
being insolubilized, such as SU-8 made by Microlithog- 
raphy Chemical Corp. Once the encapsulation layer 1 50 
has been deposited on the MEMS die 110, the encap- 
sulation layer 150 is patterned using known photolitho- 

40 graphic and/or etching techniques to define the portions 
of the encapsulation layer 150 that will remain on the 
MEMS die 1 10. The encapsulation layer 150 is generally 
patterned such that the bond pads 130 are exposed for 
subsequent electrical connection thereto. Preferably, 

45 the encapsulation material 150 is patterned to expose 
at least a portion of the sacrificial material 140 through 
at least one opening 160 defined by the encapsulation 
layer 150. In a particularly advantageous embodiment 
of the present invention, the encapsulation layer 150 is 

50 patterned to selectively define regions of the MEMS de- 
vice 120 that are to be covered by the encapsulation 
layer 150 during subsequent operations. The encapsu- 
lation layer 1 50 is then insolubilized by, for example, ex- 
posure to UV light followed by baking and, as shown in 

55 FIG. 1D, the sacrificial material 140 then etched away 
through the openings 1 60 by, for example, a wet etching 
process. Accordingly, the encapsulation layer 150 forms 
a shell spaced apart from and covering at least a portion 
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of the MEMS device 120 such that the intended opera- 
tion of the MEMS device 120 is permitted. Thus, the sac- 
rificial material 140 is generally removed from areas of 
the MEMS device 120 that are not desired to be in con- 
tact with the encapsulation mat rial 150. In some in- 
stances, the sacrificial material 140 is removed from 
portions of the MEMS device 120 that are to be exter- 
nally accessible following deposition of the encapsula- 
tion layer 150. Once the encapsulation of the MEMS de- 
vice 120 is completed, the silicon wafer 10 is then ready 
for dicing to separate the individual die 110. The individ- 
ual die 1 1 0 can then be packaged and formed into a final 
operational device. 

[0021] FIG. 2 shows a plan view of an encapsulated 
MEMS device configured as a microrelay 200. The 
MEMS microrelay 200 is typically formed on a substrate 
210 and comprises, for example, an active actuator 220, 
a relay structure 230, and a passive actuator 240. In 
some cases, the structures forming the microrelay 200 
further include associated bond pads 250 at which the 
necessary electrical connections to the structures are 
established. 

The bonding pads 250 may form, for example, electrical 
contact points providing the necessary electrical power 
for the active actuator 220 or the connections to the relay 
structure 230. Typically, the operation of a MEMS de- 
vice, such as the MEMS microrelay 200 described, re- 
quires mechanical motion of components of the micro- 
relay 200 for the device to operate as intended. Further 
details regarding the operation of a MEMS device, such 
as a microrelay, may be found in, for example, U.S. Pat- 
ent Application Serial Nos. 09/383,053 and 09/388,321 
assigned to MCNC, also the assignee of the present in- 
vention. 

[0022] In order for a MEMS device, such as the mi- 
crorelay 200, to be incorporated into a final operational 
device, the microrelay 200 must be packaged to protect 
the device while selectively permitting access thereto for 
establishing the necessary electrical connections. A 
processing sequence for encapsulating a MEMS device 
according to one embodiment of the present invention 
is thus shown in FIG. 3. As shown in FIG. 3A, a sacrificial 
material 310, such as a removable photoresist, is first 
applied to a representative MEMS device 300. The sac- 
rificial material 310 is then patterned to selectively de- 
fine portions of the sacrificial material 310 to be subse- 
quently removed in order to establish access to certain 
portions of the MEMS device 300. Such access areas 
may comprise, for example, bond pads 320 for electrical 
connections or anchor areas 260 (as shown in FIG. 2) 
for subsequent layers. The sacrificial material 310 is 
then etched to form the desired structure. As shown in 
FIG. 3B, an encapsulation material 330 such as, for ex- 
ample, a photoimagable epoxy, is deposited over por- 
tions of the MEMS device 300 after the sacrificial mate- 
rial 310 is patterned. The encapsulation material 330 is 
then patterned to define areas of the encapsulation ma- 
terial 330 to be subsequently removed in order to pro- 



vide access to underlying structures. For example, the 
encapsulation material 330 may be removed over the 
areas comprising the bond pads 320 to gain access 
thereto for electrical connections and/or over selected 

5 portions of the sacrificial material 31 0 (shown as access 
ports 270 in FIG. 2) for access thereto in later processes. 
The encapsulation material 330 is then etched to form 
the desired structure. The encapsulation material 330 is 
then insolubilized, for instance, by a photoimaging proc- 

f o ess. Following ^solubilization of the encapsulation ma- 
terial 330, the encapsulated MEMS device 300 is sub- 
jected to a process for removing the sacrificial material 
310 such as, for example, a wet etching process. The 
access ports 270 (as shown in FIG. 2) permit the etch 

15 to attack the sacrificial material 310 underlying the in- 
solubilized encapsulation material 330, thereby remov- 
ing the sacrificial material 310. In a particularly advan- 
tageous embodiment, the sacrificial material 310 is re- 
moved from mechanically moveable components of the 

20 MEMS device 300. Thus, as shown in FIG. 3C, a hard 
shell of the encapsulation material 330 remains over se- 
lected portions of the MEMS device 300 following re- 
moval of the sacrificial material 310 and allows access 
to critical portions of the MEMS device 300, such as the 

25 bond pads 320. The hard shell of the encapsulation ma- 
terial 330 is affixed to the MEMS device 300 at the an- 
chor areas 260 (as shown in FIG. 2) and is spaced apart 
from the mechanically moveable portions of the MEMS 
device 300 so as to allow unhindered mechanical move- 
so ment thereof. Once the process is completed, the result- 
ing MEMS device 300 is encapsulated in such a manner 
that subsequent packaging steps may then be under- 
taken to produce a final operational device, wherein the 
mechanically moveable or other sensitive portions of the 

35 MEMS device 300 are covered and protected by the 
hard shell of the encapsulation material 330. The en- 
capsulated MEMS device may also be incorporated into 
a system having an input to and output from the MEMS 
device. 

40 [0023] A further advantageous aspect of the present 
invention comprises a method of encapsulating MEMS 
devices, generally formed on a substrate and prior to 
packaging thereof, as shown in FIG. 4. First, a sacrificial 
material is deposited over the substrate to cover at least 

45 a portion of the MEMS device (block 350). The sacrifi- 
cial material may comprise, for example, a removable 
photoresist. In some instances, the sacrificial material 
may completely cover the MEMS device. Thereafter, the 
method of encapsulating a MEMS device may further 

so include the step of forming a pattern associated with the 
sacrificial material to selectively define regions of the 
MEMS device that are covered by the sacrificial material 
during subsequent operations, wherein these regions 
may include portions of the MEMS device to be protect- 

55 ed by the encapsulation material. Generally, at least one 
opening in the sacrificial material is defined wherein the 
opening exposes at least a portion of the substrate. The 
exposed portion of the substrate may be used for, for 
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example, an anchor point for subsequent layers. 
[0024] An encapsulation material is then deposited 
over the sacrificial material such that the encapsulation 
material covers at least a portion of the sacrificial mate- 
rial over the MEMS device (bl ck 360). Preferably, the 5 
encapsulation material engages the substrate at an ex- 
posed portion thereof, such as an anchor point, and may 
comprise, for example, a photoimagable epoxy. The en- 
capsulation material is generally deposited with a suffi- 
cient thickness to form an encapsulating shell about the 10 
MEMS device, wherein the encapsulation material may 
be further processed to define at least one opening 
therethrough exposing a portion of the sacrificial mate- 
rial. Patterning of the encapsulation material selectively 
defines regions of the MEMS device that are covered '5 
by the encapsulation material during subsequent oper- 
ations. Also, the encapsulation material may be selec- 
tively removed from areas where access is to be gained 
to the MEMS device. The sacrificial material is then re- 
moved such that the encapsulation material forms a 20 
shell, spaced apart from and covering the MEMS de- 
vice, and permits the intended operation of the MEMS 
device (block 370). Generally, the sacrificial material is 
removed from areas of the MEMS device that are not to 
be in contact with the encapsulation material. In some 25 
instances, the sacrificial material is removed from por- 
tions of the MEMS device that are to be externally ac- 
cessible following deposition of the encapsulation ma- 
terial. Generally, the encapsulation material is insolubi- 
lized prior to removing the sacrificial material from the 30 
MEMS device. 

[0025] Thus, embodiments of the present invention 
provide an encapsulation process for a MEMS device 
that is compatible with, and is capable of protecting, the 
mechanically moveable and sensitive components of a 35 
MEMS device during subsequent packaging steps. The 
encapsulation process for a MEMS device according to 
embodiments of the present invention utilizes conven- 
tional semiconductor fabrication techniques and equip- 
ment. Such a process is capable of selectively encap- 40 
sulating portions of the MEMS device while leaving oth- 
er portions free of the encapsulant which, for example, 
do not require encapsulation or which must be externally 
accessible in subsequent packaging processes. These 
factors combine to provide an encapsulation process « 
that is cost-efficient and allows conventional low cost 
packaging techniques to be used following encapsula- 
tion of the MEMS device. 

[0026] Many modifications and other embodiments of 
the invention will come to mind to one skilled in the art so 
to which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and 
the associated drawings. Therefore, it is to be under- 
stood that the invention is not to be limited to the specific 
embodiments disclosed and that modifications and oth- 55 
er embodiments are intended to be included within the 
scope of the appended claims. Although specific terms 
are employed herein, they are used in a generic and de- 



scriptive sense only and not for purposes of limitation. 



Claims 

1 . A method of encapsulating microelectromechanical 
(MEMS) devices formed on a substrate prior to 
packaging thereof, said method CHARACTERIZED 
BY: 

depositing (FIG. 4) an encapsulation material 
(1 50) over the MEMS device (120) such that the en- 
capsulation material (150) forms a shell spaced 
apart from and covering the MEMS device (120), 
thereby permitting the intended operation of the 
MEMS device (120). 

2. The method according to Claim 1, the step of de- 
positing CHARACTERIZED BY: 

depositing (350) a sacrificial material (140) 
over the substrate (10) to cover at least a por- 
tion of the MEMS device (120); 
depositing (360) an encapsulation material 
(150) over the sacrificial material (140) such 
that said encapsulation material (150) covers 
at leasta portion of the sacrificial material (140) 
over the MEMS device (120); and 
removing (370) the sacrificial material (140) 
such that the encapsulation material (150) 
forms a shell spaced apart from and covering 
the MEMS device (1 20) and permits the intend- 
ed operation of the MEMS device (120). 

3. A method according to Claim 2 wherein the step of 
depositing (350) a sacrificial material (140) further 
comprises depositing a removable photoresist on 
the substrate (10) to cover at least a portion of the 
MEMS device (120). 

4. A method according to Claim 2 or 3 further CHAR- 
ACTERIZED BY: 

forming a pattern associated with the sacrifi- 
cial material (140) to selectively define regions of 
the MEMS device (1 20) that are covered by the sac- 
. rificial material (140) during subsequent operations. 

5. A method according to Claims 2-4 further CHAR- 
ACTERIZED BY: 

defining at least one opening (160) in the sac- 
rificial material (140) following deposition thereof for 
exposing a portion of the substrate (10). 

6. A method according to Claims 2-5 wherein the step 
of depositing an encapsulation material further 
comprises depositing an encapsulation material 
(150) overthe sacrificial material (140), said encap- 
sulation material (150) engaging the MEMS sub- 
strate (10) at an exposed portion thereof. 
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7. A method according to Claims 2-6 further CHAR- 
ACTERIZED BY: 

defining at least one opening (160) in the en- 
capsulation material (150) to thereby expose a por- 
tion of the sacrificial material (140). s 

8. An encapsulated microelectromechanical (MEMS) 
device including a microelectronic substrate (10) 
having at least one MEMS device (120) formed 
thereon CHARACTERIZED BY: 10 

an encapsulating cover (150) connected to 
the substrate (10) and forming a shell (150) over at 
least a portion of the MEMS device (120) such that 
the intended operation of the MEMS device (120) 
is permitted. « 

9. The encapsulated microelectromechanical (MEMS) 
device according to Claim 8, further CHARACTER- 
IZED BY: 

20 

a sacrificial layer (140) over the substrate that 
covers at least a portion of the MEMS device 
(120); and 

wherein the encapsulating cover (150) is over 
the sacrificial layer (140) and covers at least a 25 
portion of the sacrificial layer (310) over the 
MEMS device (300) and is connected to the mi- 
croelectronic substrate (10). 

10. The encapsulated microelectromechanical (MEMS) 30 
device according to Claims 8 or 9, further CHARAC- 
TERIZED BY: 

an input to the encapsulated MEMS device 

( 1 20), the input originating at least in part from 35 

an operational device; and 

an output from the encapsulated MEMS device 

( 1 20) provided at least in part to the operational 

device. 
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Figure 2 




10 



EP 1 101 730 A2 




EP 1 101 730 A2 



Figure 4 



Deposit a sacrificial material over the substrate 
to cover at least a portion of the MEMS device. 



Deposit an encapsulation material over the sacrificial 
material such that the encapsulation material covers 
at least a portion of the sacrificial material over ■ 
the MEMS device. 



Remove the sacrificial materiaJ suetejha* the 
encapsulation material forms a shell spaced apart from 
and covering the MEMS device and permits the intended 
operation of the MEMS device. - 



